Cytokine and Fibrinogen Response in Patients Undergoing Open Abdominal Aortic Aneurysm Surgery  by Holmberg, A et al.
Eur J Vasc Endovasc Surg 17, 294–300 (1999)
Article No. ejvs.1998.0767
Cytokine and Fibrinogen Response in Patients Undergoing Open
Abdominal Aortic Aneurysm Surgery
A. Holmberg*1, D. Bergqvist1, B. Westman1 and A. Siegbahn2
1Department of Surgery and 2Unit of Coagulation Disorders, Department of Clinical Chemistry,
University Hospital Uppsala, S-751 85 Uppsala, Sweden
Objectives: to assess whether open abdominal aortic aneurysm (AAA) surgery influences cytokines and fibrinogen.
Methods: twenty-three consecutive patients operated on for AAA were compared to 11 operated controls and 20
age-matched controls. Cubital blood was sampled pre-, intra- and postoperatively and femoral blood also sampled
intraoperatively.
Results: preoperatively, interleukin (Il)-6 was elevated in AAA patients. During aortic clamping, Il-6, Il-10 and monocyte
chemoattractant protein-1 (MCP-1) increased significantly (p<0.001, p<0.01 and p<0.05 respectively) while soluble
interleukin-2 receptor (sIl-2R) and fibrinogen decreased significantly (p<0.001 for both). After aortic declamping, Il-6,
Il-10 and MCP-1 had further significant increases compared with levels during aortic clamping while sIl-2R had a further
non-significant and fibrinogen a significant decrease (p<0.05 in cubital and p<0.001 in femoral blood). One week
postoperatively Il-6, Il-10 and MCP-1 had all decreased but were still significantly elevated compared with baseline values
while sIl-2R and fibrinogen showed an increase in comparison with baseline (p<0.001 for both). Intraoperative levels of
Il-6 and Il-10 showed a significant co-variation with the magnitude of operative trauma.
Conclusions: these data indicate that open AAA surgery induces a profound inflammatory and coagulative response
which persists at one week postoperatively.
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Introduction Major surgical procedures as well as blunt trauma
may induce a cytokine response, especially IL-6.5,16–18
Enhanced cytokine levels in connection with AAAAbdominal aortic aneurysm (AAA) surgery is as-
surgery have been reported, especially Il-61–3,5,6,8,16 associated with high complication rates. Myocardial,
well as TNF-a4,5,8 and a local activation of Il-6 in therenal, intestinal and pulmonary complications may
portal circulation draining the colon has also beenhave thromboembolic as well as an inflammatory aeti-
shown.3 Aortobifemoral bypass surgery for occlusiveology.1–8 The inflammatory cellular response is to a
disease has been reported to give an early TNF re-large extent mediated by cytokines.9 Cytokines may
sponse followed by an Il-6 increase and sIl-2R decreasealso be potent coagulation stimulators, i.e. monocyte
intra- and increase postoperatively19 or just an Il-6chemoattractant protein-1 (MCP-1),10 interleukin (Il)-6
response.21 AAA surgery with endoluminal graftingand IL-812 as well as inhibitors, i.e. Il-1011 through up-
showed a significantly higher TNF-a and lower Il-6or downregulation of tissue factor (TF) expression on
response intra- and postoperatively than in open AAAmonocytes.10–12 High levels of the proinflammatory
surgery.22 Ischaemia and especially reperfusion in ratcytokines IL-6 and interferon-c (IFN-c) in AAA ex-
hindlimbs caused an increased production of TNF-plants13 and Il-1b and Il-614 as well as Il-8 and MCP-
a, Il-1 and Il-6 in parallel with increased muscular115 in plasma from AAA patients indicate that cytokines
permeability, endotoxin levels in plasma, my-may play a role in the development of AAA.13–15 How-
eloperoxidase and E-selectin in the lungs as well asever, it is unclear if the inflammatory reaction and
decreased mucosal thickness indicating a cytokine me-cytokine response are causative or consequential fac-
diated inflammatory response both locally and in re-tors.
mote organs.23–25 High levels of cytokines have been
found in stored red blood cell concentrates26 which
suggests that the extent of blood transfusion could* Please address all correspondence to: A. Holmberg, Department
of Surgery, University Hospital Uppsala, S-751 85 Uppsala, Sweden. influence cytokine levels after surgery.
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The aim of the present study was to evaluate the major perioperative complications occurred. One
patient with a history of myocardial infarction andinflammatory response to an existing AAA as well as
during AAA surgery. In contrast to previous studies cerebrovascular disease died on the 25th postoperative
day because of myocardial infarction and multi-organthe influence of ischaemia and reperfusion was in-
vestigated by venous sampling from both the femoral failure. One week before death laparotomy was per-
formed because of suspicion of intestinal ischaemiaand cubital veins during aortic clamping and after
aortic declamping. The pro-inflammatory cytokine Il- which was not verified. One patient developed in-
testinal ischaemia of the left colon and underwent a6, and indicator of injury and surgical trauma, Il-10,
regarded as an anti-inflammatory as well as anti- left-sided hemicolectomy. One patient with a previous
myocardial infarction and hypertension required a leftcoagulant cytokine, MCP-1, a pro-inflammatory as
well as procoagulant cytokine reflecting the status of femoral embolectomy. Postoperatively, he developed
a myocardial infarction and renal failure not requiringmonocyte activity, and sIl-2R, reflecting the activity of
the immune system and T and B cell activity as well haemodialysis. Postoperatively, a daily subcutaneous
injection of 40 mg enoxaparin was routine in allas fibrinogen, an inflammatory marker and factor I in
the coagulation cascade, were measured. patients.
ControlsMaterials and Methods
Eleven patients, five men and six women, with aApproval for this study was obtained from the research
ethics committee, Faculty of Medicine, University of median age of 47 years (range 19–77) operated on
for stabilisation of the cervical and/or lumbar spineUppsala. Patients and control subjects gave their ap-
proval in a written informed consent. served as operated control subjects (OC) because of a
large surgical trauma without vascular involvement.
The indication for surgery was non-traumatic in-
stability of the spine. No clinical evidence of cardio-
AAA patients vascular, malignant or inflammatory disease was
present. No heparin was administered pre- or intra-
Twenty-three consecutive patients with an ul- operatively. Daily subcutaneous administration of
trasonographically established AAA with a median 40 mg enoxaparin for one week postoperatively was
diameter of 60 mm (range 43–75) were included in the routine in all patients.
study. Exclusion criteria were concomitant in- Twenty healthy control subjects, 16 men and four
flammatory disease (except for one inflammatory an- women, with a median age of 72 years (range 66–79)
eurysm) and/or malignancy. All patients were men without clinical evidence of cardiovascular, malignant
with a median age of 72 years (range 54–83). Five or inflammatory disease served as age-matched con-
suffered from claudication and their median ankle– trols (AMC).
brachial pressure index (ABPI) was 0.6 (range 0.4–0.8).
Three suffered from diabetes mellitus, 6 from hyper-
tension, 10 had a previous history of myocardial in-
farction, 3 of cerebrovascular disease and 11 were Blood sampling and assays
smokers.
After standard premedication and general an- In AAA patients 2·4.5 ml of blood were sampled
in tubes containing 0.5 ml of 0.129 M citrate (Bectonaesthesia the patients underwent open exclusion of
the aneurysm and insertion of a dacron graft. Four Dickinson VACUTAINER Systems Eur. B.P. 37 38241
Myelan Cedex, France) from the cubital vein the daytube and 19 bifurcated grafts were used. Prior to aortic
clamping 5000 units of unfractionated heparin were before surgery (baseline), intraoperatively 20 min after
aortic clamping (ischaemia), intraoperatively 20 minadministered intravenously. 150–200 ml of mannitol
were rapidly infused intravenously approximately after aortic declamping (reperfusion) and one week
postoperatively. Blood was also sampled from the20 min before aortic clamping. The median operation
time was 172 min (range 60–340), aortic clamping time femoral vein intraoperatively. In the operated controls
blood from the cubital vein was sampled the day70 min (range 22–166), intraoperative haemorrhage
3200 ml (range 500–12000) and the median amount of before surgery, intraoperatively after exposure of the
posterior portion of the spine but before osteotomy,blood transfusion was 6 units (range 0–22). Three
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Table 1. AAA patients Il-6 (Reference;<3.2 pg/ml), Il-10 (Reference; <7.8 pg/ml), MCP-1 (Reference; 130-430 ng/l), sIl-2R (Reference; 400-
2600 ng/l) and Fibrinogen (Reference; 2.0–3.6 g/l. Values are expressed as median (min-max).
Sample Il-6 Il-10 MCP-1 sIl-2R Fibrinogen
Base line 4.0 (3.1–9.0) 7.8 (7.8–12) 220 (70–1100) 940 (350–2480) 3.6 (1.9–6.3)
Aortic clamping, v. cub. 10.0 (3.1–79.0)*** 10.0 (7.8–130.0)** 360 (60–1040)* 595 (200–1070)*** 2.1 (0.4–3.6)***
Aortic clamping, v. fem. 11.0 (3.1–65.0)*** 10.0 (7.8–80.0)** 320 (60–940)* 640 (240–1340)*** 2.3 (0.9–3.7)***
Aortic declamping, v.
cub. 46.0 (10.0–382.0)*** 22.5 (7.8–142.0)*** 565 (70–3520)*** 535 (230–980)*** 1.8 (0.8–3.0)***
Aortic declamping, v.
fem. 46.0 (10.0–370.0)*** 20.0 (7.8–187.0)*** 500 (70–3040)*** 520 (260–1140)*** 1.9 (1.2–3.4)***
One week postop. 15.0 (5.0–152.0)*** 9.0 (7.8–25.0)* 240 (160–2270)* 1580 (830–6600)*** 5.6 (3.3–8.4)***
*=p<0.05, **=p<0.01, ***=p<0.001 (Wilcoxon signed rank test). Significance was calculated with respect to base line values.
and finally one week postoperatively. In the age-
matched controls a single sample was obtained from
the cubital vein. Immediately after blood sampling,
the plasma was separated by centrifugation at
2500 r.p.m. for 15 min, frozen in -70 °C and stored.
Using a quantitative sandwich enzyme im-
munoassay technique (QuantikineTM, R&D Systems,
Inc, USA), cytokine levels were measured. According
to the manufacturer the reference interval for Il-6 was
<3.2 pg/ml, for Il-10 <7.8 pg/ml, for MCP-1
130–430 ng/l and for sIl-2R 400–2600 ng/l. Quant-
itative determination of fibrinogen levels in plasma
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was performed by the clotting method of Clauss (Fibri- Fig. 1. Median values and 25th to 75th percentile range. Reference
Prest Automat 2, Triolab AB, Diagnostica Stago, level <3.2 pg/ml. (F) V. cub.; (E) V. fem. ***=p<0.001.
France). Reference interval in our laboratory was
2.0–3.6 g/l. Coefficient of variation was Z8%.
Statistics
Variables were presented as median (min–max), unless
otherwise stated. D-values were defined as an intra- or
postoperative value minus baseline value. Differences
between groups were analysed with Kruskall–Wallis
one-way ANOVA. Differences between repeated meas-
urements within groups were analysed with Wilcoxon
signed rank test. Co-variations between pre- as well
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as intraoperative factors and the absolute as well as
Fig. 2. Median values and 25th to 75th percentile range. Reference
the D-values of cytokines were studied with multiple level <7.8 pg/ml. (F) V. cub.; (E) V. fem. *=p<0.05, **=p<0.01,
***=p<0.001.linear stepwise regression. Correlations between age
and cytokine levels was studied with Spearman rank
correlation test. Results were presented as two-tailed clamping there was a significant increase in Il-6
level of probability; p<0.05 was considered significant. (p<0.001), Il-10 (p<0.01), MCP-1 (p<0.05) and a sig-
nificant decrease in sIl-2R and fibrinogen (p<0.001 for
both) (Figs 1–5). Except for significantly higher values
of sIl-2R and fibrinogen in femoral than in cubitalResults
blood during aortic clamping (p<0.05 and p<0.001
respectively) the levels in femoral and cubital bloodAAA patients
did not differ. After aortic declamping there was a
further increase compared to baseline values in Il-6Preoperatively Il-6 was slightly elevated while Il-10,
MCP-1, sIl-2R and fibrinogen were within the normal (p<0.001), Il-10 (p<0.001), MCP-1 (p<0.001) and a fur-
ther decrease in sIl-2R and fibrinogen (p<0.001 forreference interval (Table 1). After 20 min of aortic
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highest levels one week postoperatively. Three patients
suffered from major complications. However, no sig-
nificant differences were found when cytokine and
fibrinogen values were compared with the 20 un-
complicated cases.
Controls
Preoperatively, all levels were within the normal ref-
erence interval. Intraoperatively no significant changes
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were observed except for a significant decrease of
Fig. 3. Median values and 25th to 75th percentile range. Reference fibrinogen (p<0.05) (Table 2). One week post-
interval 130–430 ng/l. (F) V. cub.; (E) V. fem. *=p<0.05, ***=
operatively Il-6 (p<0.05), sIl-2R and fibrinogen (p<0.01p<0.001.
for both) were significantly increased. All levels were
within the normal range for the age-matched controls
(data not shown).
AAA patients versus controls
Il-6 and Il-10 values as well as Il-6 and Il-10 D-values
were higher in AAA than in OC patients on all sample
occasions. MCP-1 values and MCP-1 D-values were
higher in AAA than OC patients on all occasions
except MCP-1 values preoperatively and D-values
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postoperatively. sIl-2R values were significantly higher
Fig. 4. Median values and 25th to 75th percentile range. Reference in AAA than OC patients pre- and postoperatively
interval 400–2600 ng/l. (F) V. cub.; (E) V. fem. ***=p<0.001. (p<0.05 and p<0.01, respectively), whereas intra-
operatively no differences were found. The intra-
operative sIl-2R decreases (D-values) were all
significantly more pronounced in AAA than OC
patients. The postoperative sIl-2R increase (D-value)
was significantly higher in AAA than OC patients
(p<0.01). Fibrinogen was higher in AAA than OC
patients preoperatively (p<0.001). Intraoperatively all
D-values were significantly lower in AAA patients
than in OC patients (p<0.001 in all). No differences
were found postoperatively. Il-6 and fibrinogen were
significantly higher in AAA patients than in AMC,
940 vs. 793 ng/l (p<0.01) and 3.6 vs. 2.9 g/l (p<0.01) Il-
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10, MCP-1 and sIl-2R were all equal.
Fig. 5. Median values and 25th to 75th percentile range. Reference
interval 2.0–3.6 g/l. (F) V. cub.; (E) V. fem. ***=p<0.001.
both) (Figs 1–5). The levels in femoral and cubital blood Co-variations and correlations
were similar for all substances after aortic declamping.
The increase from aortic clamping to aortic declamping Blood loss and clamping time showed significant co-
variation with intraoperative values and D-values ofwas significant concerning Il-6 (p<0.001), Il-10 (p<0.05
in cubital and p<0.001 in femoral blood) and MCP-1 Il-6 after aortic declamping (p<0.001 in femoral and
p<0.05 in cubital blood). Blood loss had a weaker but(p<0.001). One week postoperatively all markers were
significantly elevated compared to baseline values still significant co-variation with intraoperative values
and D-values of Il-10 in cubital blood (p<0.05 during(Figs 1–5) and sIl-2R and fibrinogen reached their
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Table 2. OC patients IL-6 (Reference; <3.2 pg/ml), Il-10 (Reference; <7.8 pg/ml), MCP-1 (Reference; 130–430 ng/l), sIl-2R (Reference;
400–2600 ng/l), and Fibrinogen (Reference; 2.0–3.6 g/l). Values are expressed as median (min-max).
Sample Il-6 Il-10 MCP-1 sIl-2R Fibrinogen
Base line 3.1 (3.1–3.1) 7.8 (7.8–9.0) 210 (98–450) 580 (180–960) 2.2 (1.3–3.0)
Intraoperatively 3.1 (3.1–6.0) 7.8 (7.8–12.0) 180 (110–240) 496 (250–988) 1.8 (1.5–2.4)*
One week postop. 4.9 (3.1–9.0)* 7.8 (7.8–7.8) 190 (128–562) 952 (390–1710)** 5.6 (3.0–8.2)**
*=p<0.05, **=p<0.01 (Wilcoxon signed rank test). Significance was calculated with respect to base line values.
aortic clamping and p<0.01 after aortic declamping). declamping indicating that ischaemia and reperfusion
may also influence the cytokine response. Il-10, anAortic clamping time and Il-10 had also a significant
anti-inflammatory as well as a coagulation inhibitoryco-variation in femoral blood during aortic clamping
cytokine,11 increased during surgery and showed co-(p<0.001). Blood loss had a significant co-variation with
variation with blood loss and clamping time in aMCP-1 values and D-values after aortic declamping in
similar way to Il-6. MCP-1 increased almost as muchboth cubital and femoral blood (p<0.05 and p<0.001
as Il-6 and Il-10 during as well as after surgery andrespectively). The amount of blood units given had
showed co-variation with blood loss as well. Thesesignificant co-variation with MCP-1 values in femoral
findings seem logical, as AAA surgery activates theblood both during aortic clamping and after aortic
coagulation as well as the fibrinolytic systems.27,28 Andeclamping (p<0.05 and p<0.001 respectively). Neither
interesting observation was that sIl-2R decreased intra-blood loss nor aortic clamping time had a significant
operatively and the postoperative increase exceedingco-variation with sIl-2R. However, operation time and
baseline values, consistent with findings by Pa¨rssonsIl-2R postoperatively had a significant co-variation
et al.,19 indicated an intraoperative depression and(p<0.05). No co-variations were found between fib-
postoperative hyperactivity of the immune system asrinogen and parameters of operative trauma. MCP-1
well as T and B cell activity. However, sIl-2R valuesas well as fibrinogen and age within OC patients and
showed no co-variation with the amount of bloodAMC (n=31) showed a fair degree of correlation (r=
transfusion, in spite of the evidence that blood trans-0.4, p<0.05 for both). No other correlations between
fusion depresses the immune system.29 MCP-1 in fem-age and cytokine levels were found.
oral blood during aortic clamping and after aortic
declamping showed co-variation with the amount of
blood transfusion supporting observations that stored
Discussion red blood concentrates may contain high cytokine
levels.26 Thus, our findings show dynamic interactions
Our results only weakly support the hypothesis that in various parts of the cytokine system with in-
baseline Il-6 levels are elevated in AAA patients.13,14 volvement of both pro- and anti-inflammatory activity.
However, we did not study aortic explants. Moreover, In AAA surgery there were increased levels of Il-6,
the fibrinogen level was at the upper limit of the Il-10 and MCP-1 after aortic declamping compared to
reference interval. Nor could we confirm the findings values during aortic clamping. These findings are in
that MCP-1 is elevated in AAA patients.15 MCP-1 had keeping with the results in animal studies, where TNF-
a fair correlation with age, indicating a hyper- a, Il-1 and Il-6 increased after rat hindlimb ischaemia
inflammatory state in elderly as well as a risk for and even more after reperfusion.23–25 In order to evalu-
hypercoagulability, since there is strong evidence that ate the possibility of a local cytokine production in
MCP-1 stimulates TF expression on monocytes and ischaemic and reperfused tissue distal to aortic clamp-
thus may be of importance to activate coagulation.10 ing exceeding the systemic production, we collected
Il-6 has been considered to reflect the magnitude of blood from the femoral vein intraoperatively. How-
surgical trauma1,5,6,8,16–18 and is as well a strong inducer ever, no differences between cubital and femoral blood
of fibrinogen production in the hepatocytes.20 Our except sIl-2R during aortic clamping were found. This
findings that Il-6 increased during surgery and showed indicates that in the tissue distal to aortic clamping
co-variation with the magnitude of operative trauma there was no local cytokine response.
seem to confirm this view, while the intraoperative Endovascular aneurysmal repair seems to give less
decrease of fibrinogen levels may be explained by activation of the inflammatory system in three studies
strong activation of the coagulation system that has comparing endoluminal grafting with conventional
been previously shown.27 However, there was a sig- open repair measuring Il-1b, Il-5 and tumour necrosis
nificantly lower response in orthopaedic patients factor (TNF)-a.30–32 These studies also showed de-
creased oxygen-free radical production and higherundergoing major surgery without aortic clamping and
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permeability following aortic surgery. Am J Respir Crit Care Medmucosal pH in the sigmoid colon in the endovascular
1995; 151: 698–705.procedures. Although one study showed a sig- 7 Hill GE, Mihalakakos PJ, Spurzem JR et al. Supraceliac, but not
nificantly higher upregulation of leucocyte adhesion infrarenal, aortic cross-clamping upregulates neutrophil integrin
CD 11b. J Cardioth Vasc Anesth 1995; 9: 515–518.molecules in the endovascular group way, the picture
8 Froon AMH, Greve J-WM, Van Der Linden CJ et al. Increasedis not completely clear cut.31 In two of these studies concentrations of cytokines and adhesion molecules in patients
no major complications occurred in any group while after repair of abdominal aortic aneurysm. Eur J Surg 1996; 162:
287–296.in the third three deaths were recorded in the en-
9 Vilcek J, Le J. Immunology of cytokines: An introduction. In:dovascular group of 23 cases as well as two patients Thomson A, ed. The Cytokine Handbook, London: Academic Press,
who suffered from intestinal ischaemia and two from 1991: 1–16.
10 Ernofsson M, Siegbahn A. Platelet-derived growth factor-BBleg ischemia in the conventional group of fourteen
and monocyte chemotactic protein-1 induce human peripheralcases. In our study no relationship was found between blood monocytes to express tissue factor. Thromb Res 1996; 83:
cytokine levels and clinical outcome. Therefore, the 307–320.
11 Ernofsson M, Tenno T, Siegbahn A. Inhibition of tissue factorclinical importance of measuring inflammatory para-
surface expression in human peripheral blood monocytes ex-meters remains unclear. posed to cytokines. Br J Haematol 1996; 95: 249–257.
In conclusion, our data indicate that AAA surgery 12 Neumann F-J, Ott I, Marx N et al. Effect of human recombinant
interleukin-6 and interleukin-8 on monocyte procoagulation ac-activates the inflammatory system but depresses T-cell
tivity. Arterioscler Thromb Vasc Biol 1997; 17: 3399–3405.activity. Despite a postoperative decline at one week,
13 Szekanecz Z, Shah MR, Pearce WH et al. Human atherosclerotic
there were still elevated levels of cytokines, while T-cell abdominal aortic aneurysms produce interleukine (IL)-6 and
interferon-gamma but not IL-2 and IL-4: the possible role for IL-activity and fibrogen increased and in fact exceeded
6 and interferon-gamma in vascular inflammation. Action &preoperative values, indicating a very high in-
Agents 1994; 42: 159–162.
flammatory status one week postoperatively. Both pro- 14 Juvonen J, Surcel H-M, Satta J et al. Elevated circulating levels
of inflammatory cytokines in patients with abdominal aorticand anticoagulant cytokines were activated while fib-
aneurysm. Arterioscl Thromb Vasc Biol 1997; 17: 2843–2847.rinogen decreased intraoperatively, probably because
15 Koch AE, Kunkel SL, Pearce WH et al. Enhanced productionof consumption as a consequence of hyper- of chemotactic cytokines Il-8 and monocyte chemoattractant
coagulability, indicating a connection between hae- protein-1 in human abdominal aortic aneurysm. Am J Pathol
1993; 142: 1423–1431.mostasis and inflammation. The cytokine response
16 Cruickshank AM, Fraser WD, Burns HJG et al. Response ofin AAA surgery is probably multifactorial, involving serum interleukine-6 in patients undergoing elective surgery of
operative trauma and ischaemia/reperfusion injury. varying severity. Clinical Science 1990; 79: 161–165.
17 Wortel CH, van Deventer SJH, Aarden LA et al. Interleukine-
6 mediate host defence responses induced by abdominal surgery.
Surgery 1993; 114: 564–570.
18 Kragsbjerg P, Holmberg H, Vikerfors T. Serum concentrations
of interleukine-6, tumor necrosis factor-a and C-reactive proteinAcknowledgements
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